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Introduction
Among the major threats of climate change is a substantial increase in the occurrence of natural hazards, including heat waves, storms, and floods. In its most recent report, the International Panel on Climate Change (Pachauri et al., 2014) predicts that in the northern hemisphere, heat waves will emerge more frequently and last longer than in previous decades. Moreover, heavy precipitation, as well as storms, are likely to occur more frequently and with a higher intensity, resulting in more floodings.
Increasing the efforts to both mitigate climate change and adapt to its consequences therefore seems to be indispensable.
A key driver of adaptation and prevention at the household level -be this the purchase of insurance, investment in home insulation, or some other measure -is the perception of risks due to climate change (O'Connor et al., 1999; Peacock et al., 2005; Siegrist and Gutscher, 2006; Zaalberg et al., 2009 ). These risk perceptions vary substantially among countries (Eurobarometer, 2014) and individuals (e. g. Botzen et al., 2016 ). Yet, as climate change is widely perceived to be a temporally and spatially distant problem (e. g. Lorenzoni and Hulme, 2009) , related risks may be underestimated.
This bias in individual risk perception, while warranting public interventions to foster adaptation behavior, may undermine public support for climate protection policies. This is particularly critical for Germany, given its ambitious climate policy that aims at reducing greenhouse gas emissions by 40% by 2020 relative to 1990 levels and by at least 80% by 2050 (BMWi, 2010) . 1 Using a generalized ordered logit approach and drawing on a large data set originating from two surveys, each among more than 6,000 German households, this study investigates the determinants of the personal risk perception of three adverse natural events: heat waves, storms, and floods, focusing on the role of experience, personal damage, and, most notably, the effects of objective risk measures. By including a suite 1 An important prerequisite for the support of climate policies is that people believe in the existence of global warming and that it is mainly man-made. That people believe in the existence of global warming holds true for the overwhelming majority of 96% of the survey respondents. Out of these respondents, almost 93% believe that human beings are responsible for climate change, at least partly. of household characteristics as regressors, we account for findings from the literature on behavioral economics and psychology, which argues that the individual perception of environmental risks is a convolute of socio-demographic, cognitive, socio-cultural, and experiential factors (e. g. van der Linden, 2015) .
Our empirical analysis contributes to the literature on the correlates of individual risk perceptions of natural hazards in several respects: First, in addition to individual hazard experience, we take account of personal damage as a determinant of the subjective risk perception. While assuming that the experience with any such adverse events may be associated with subjective perceptions of future risks, we recognize that this relationship is not necessarily causal: people with a high a-priori risk perception, as well as people with strong climate change beliefs, may be more likely to indicate personal experience with natural events (Myers et al., 2013) . Yet, second, the severe flood event of 2013, which occurred in the year right between the two surveys, provided us with the opportunity to validate the impact of floods on risk perception by employing a difference-in-differences approach. Third, and most importantly, contrasting with the majority of previous studies, we account for the objective risks to suffer from natural hazards by constructing corresponding risk measures and adding them to our database.
The inclusion of a control for the objective risks allows us to examine an assertion of Siegrist and Gutscher (2006:977) , who argue that the experience of adverse events may be confounded with the actual risk respondents face if objective risk measures are omitted from the analysis. Yet, we maintain that the objective risk does not affect subjective risk perceptions if individuals are unaware of the risk they actually face.
In that case, any measure of the objective risk would be a superfluous variable in the analysis of subjective risk perceptions: only if people are aware of the objective risk can it influence their individual risk perception.
In line with a great deal of studies exploring the impact of personal experience with natural hazards on related risk perceptions and climate change beliefs (e. g. Dai et al., 2015; Zaalberg et al., 2009) , we find that the experience of adverse natural events and, even more pronounced, suffering from damages has a strong bearing on individual risk perceptions. Similarly positive correlations between (damage) experience and individual risk perceptions of extreme weather events are identified for Germany by Menny et al. (2011 ), Thieken et al. (2007 , and Weber (2006) , as well as by Keller et al. (2006) , and Siegrist and Gutscher (2006) for Switzerland. These results are challenged by Whitmarsh (2008) , who does not find a higher individual risk perception among flood victims in the UK. In a similar vein, Botzen et al. (2016) , Brody et al. (2008) , van der Linden (2015) , and Marquart-Pyatt et al. (2014) conclude that, once it is controlled for social, cognitive, and cultural factors, the explanatory power of personal experience is substantially reduced.
While simultaneously analyzing the effects of both flooding experience and objective risk measures in the form of flood risk zones on respondents' risk perception and preventive behavior, the analysis by Siegrist and Gutscher (2006) is among those rare studies that account for objective risks. Whereas these authors argue that both the objective risk and the experience of a flood have a positive impact on personal risk perception, Peacock et al. (2005) come to a different conclusion, studying the case of hurricane experience in Florida: once controlling for the objective risk, experience has no bearing on individual risk perception.
We contribute to this debate, benefitting from rich empirical evidence that originates from more than 13,000 questionnaires completed by German households in the years 2012 and 2014. The subsequent section describes this unique database, while the methodology employed is explained in Section 3. Presenting the estimation results in Section 4, the last section summarizes and concludes.
Data
We draw on two surveys conducted in 2012 and 2014 that were part of a project funded by the German Federal Ministry of Education and Research (BMBF). 2 A major aim of this project was to elicit various preference indicators, such as environmental attitudes, as well as respondents' personal experience with natural hazards and related subjective risk perceptions. Data was collected by the German survey institute forsa via a state-of-the-art tool that allows respondents -in these surveys the household heads -to complete the questionnaire at home using either a television or the internet. A large set of socio-economic and demographic background information on all household members is available from forsa's household selection procedure and updated regularly. 3
Between October 4 and November 4, 2012, 6,404 household heads completed the first survey, followed by a second survey in which 6,602 household heads completed a very similar questionnaire between June 13 and July 30, 2014, yielding a total of 13,006 completed questionnaires. Of those respondents participating in the first survey, 4,639 also participated in the second period, a survey design feature that is accounted for by clustering standard errors at the household level. Although forsa's household panel is representative for the population of German speaking households, this may not hold true for our sample due to the self-selection of households in completing the questionnaire. For instance, the share of respondents with a college degree is higher in our sample than in the German population (see Table A1 in the appendix). This fact may be due to their stronger interest in the questionnaire topics relative to less educated people. With respect to other aspects, however, such as regional distribution, we find that representativeness is maintained.
The dependent variable of our analysis, the respondents' subjective risk perceptions, is measured on a 5-point Likert (1932) scale (see Table 1 ) and is based on the following question: "With respect to the next decades, how likely is an increase in future personal financial or physical damages caused by ", where the blank is filled in with one of the following events: heat waves, storms, or floods.
Not surprisingly, more than two thirds of the respondents indicate that personal damages owing to floods are either quite unlikely or very unlikely to increase in the 3 Further information on forsa and its household panel is available at: www.forsa.com. 7 future (Table 1) . This large share is presumably due to the fact that only people living in flood-prone areas are faced with this risk. With respect to heat waves, about half of the respondents do not fear increasing damages, whereas increasing personal damages resulting from storms are perceived to have the highest likelihood among the three kinds of natural hazards. Our key explanatory variables are, first, personal experience -either at home or at the workplace -with such natural events and, second, whether respondents suffered from financial or physical damages. Almost 70% of the responding households indicate personal experience with heat waves, but just 3.4% suffered from related damages (Table 2 ). More relevant are damages from storms and floods: storms were responsible for physical or financial damages among about 24% of our sample households, while almost 13% of the households suffered damages from floods. Specifically, 1.5% suffered damages from the flood event that hit Germany in June 2013, while 11.3% were in some way directly affected by this event.
With respect to socio-economic characteristics, it is of note that with a share of about one third, female respondents are less frequent in the sample than men. This circumstance is possibly a consequence of our decision to ask only household heads to participate in the survey. By definition, household heads typically make the family's investment decisions, e. g. on prevention measures, such as the purchase of insurance covering storm damages, and are usually males. Furthermore, assuming that environmental attitude may be correlated with risk perception, we asked for the respondents' political orientation and adopted their inclination to vote for Germany's Green Party 8 years. (For areas close to water courses and the sea, these risk categories are based on high-resolution grids -in some cases comprising 25x25 meter pixels.) As the data indicates, about 92% of the respondents do not face any flood risk at their place of residence (Table 1) . Since a negligible share of 0.3% of respondents reside in areas with a flood return period of 20 years, we combine the areas with return periods of 20 and 100 years to create a single category called high flood risk.
To capture heat risks, we employ weather station data from Germany's national meteorological service Deutscher Wetterdienst (DWD) and add up all those days within the last 50 years for which the local temperature exceeded Germany's long-term average for that day by at least two standard deviations in the summer months (May to September). Upon interpolating the outcomes to get estimates for all zip-code areas,
we assign the value of the centroid of the corresponding zip-code area to each household. The result of this exercise is illustrated by Figure 1 , whose left panel shows that the heat risk is particularly high in the south-western part of Germany, a region that is well-known for its above-average temperatures. 5
To extract a measure for the storm risk at the respondents' residence, we draw on data from the Center for Disaster Management and Risk Reduction Technology (CEDIM), described in detail by Hofherr and Kunz (2010) . Modeling spatially highly resolved wind fields of severe storm events between 1971 and 2000, for which a 1x1 km grid is used, CEDIM estimates the likelihood for severe storms within return periods of 5, 10, 20, and 50 years. Employing these estimates and interpolating them on the basis of zip codes, we measure the storm risk by the likelihood that the respondent's residence is hit by a severe storm within the next five years (Figure 1 ). It bears noting that the estimation results remain hardly unchanged when we modify our risk measure to reflect the likelihood of a storm within a 10-, 20-, or 50-year return period.
Figure 1: Heat (Left Panel) and Storm Risks (Right Panel) in Germany
Finally, as previous studies found the temperature at the day of the interview to have a substantial bearing on the respondents' climate change risk perceptions (Egan and Mullin, 2012; Joireman et al., 2010; Li et al., 2011) , we include two dummy variables in the regressions on heat risk perceptions indicating whether the temperature on the three consecutive days before and at the time of the interview either exceeds or falls below the long-term average by more than one standard deviation.
Methodology
The household heads' risk perception of natural hazards is recorded on an ordinal scale, suggesting the use of an ordered response model (Long and Freese, 2006) , such as the ordered logit model (OLM). For our empirical investigation, we first employ a standard OLM that is based on the following latent-variable model and applies to any of the three kinds of natural events under scrutiny:
where an intercept is not included for normalization reasons and y * i designates the latent risk perception of respondent i. experience i denotes i's experience with the respective natural event, whereas damage i indicates whether respondent i suffered from any damage owing to the event, and risk i represents the objective risk in respondent i's neighborhood. x is a vector of control variables described in the previous section, superscript T denotes the transposition of a vector, β and the δ's are the parameters to be estimated, and denotes the error term.
While objective risk measures are frequently lacking in empirical studies on subjective risk perception , we hypothesize that the objective risk does not affect risk perception y * if individuals are unaware of the actual risk level: H 0 : δ 3 = 0. In this case, any measure of the objective risk would be a superfluous variable. In other words, neglecting such risk measures would not result in omittedvariable bias. Arguably, this may be the case for storms, for which information on the degree of the objective risk is not easily accessible. Beyond the personal experience with these hazards, people are likely to be unaware of the objective risk level, so that it cannot influence their individual risk perception. Specifically for floods, however, we hypothesize H 0 : δ 3 > 0, as the flood risk of a specific area is mainly determined by its proximity to the next water course, a heuristic information that is easily available for households.
In short, for natural events such as storms, we expect positive coefficients δ 1 and δ 2 , but a vanishing δ 3 , which is perfectly in line with the availability heuristic (Tversky and Kahneman, 1973) . According to this heuristic, people employ the ease with which examples of a hazard can be brought to mind as a cue for estimating hazard probabilities (Siegrist and Gutscher, 2006:972) . Past personal experience with hazards, in particular if they are associated with personal damages, may be such a cue. Experience is, therefore, an important factor affecting people's risk perception and, hence, we expect δ 1 > 0 and δ 2 > 0. In contrast, if heuristics for objective risks are unavailable and people are, thus, unaware of the actual risk, one would assume that δ 3 = 0.
Defining the observed risk perception categories by y i = j if α j−1 < y * i ≤ α j , where j = 1 = "very unlikely", ..., j = 5 = "very likely" (see Table 1 ), M = 5, α 0 = −∞ and α M = ∞, it follows that
where vector w comprises the variables exper, damage, and risk and α 1 , ..., α M−1 denote M − 1 threshold values that have to be estimated along with the parameter vectors δ and β. P(y i ≤ 0) = 0 and F(.) is the cumulative distribution function of i . In case of the OLM, F(.) is the logistic function:
To calculate the marginal effects for the OLM, one can depart from P(
with the derivative of Λ(z) being given by To allow for easy interpretations of both parameters and marginal effects, alternative formulations of the OLM are either based on the probabilities P(y i ≤ j) or P(y i > j) Williams (2006) , rather than in terms of P(y i = j). For instance, for j = 1, 2, ..., M − 1, 13 our OLM reads:
as
with the last equation being due to Λ(−z) = 1 − Λ(z).
Formulation (4) allows for a straightforward interpretation of the marginal effects
As the derivative of Λ(z),
, is always positive, it follows from Equation 5 that positive coefficients imply that larger values of an explanatory variable make it more likely that response y i will be in a higher category than j, whereas negative coefficients indicate the opposite.
A restrictive feature of the OLM is that it assumes that the coefficients related to any explanatory variable do not vary across categories j, that is, δ and β do not depend on category j. This is commonly referred to as the proportional-odds (PO) assumption (McCullagh, 1980) . If the PO assumption is violated, estimating an OLM will lead to inconsistent results. Thus, numerous authors have challenged the OLM and the underlying PO assumption by conceiving ordered choice models that are based on nonproportional odds, see e.g. Terza (1985) , McCullagh and Nelder (1989) , and Peterson and Harrell Jr (1990) .
In addition to the OLM, in what follows, we employ the so-called generalized ordered logit model (GOLM), for which Fu et al. (1999) developed the Stata program gologit. (Inspired by Vincent Fu's gologit routine, Williams (2006) wrote the Stata program gologit2 to offer several additional powerful options.) Applying the GOLM to our empirical example, the probability of exceeding risk category j is given by
where, in contrast to OLM Formula 4, δ j and β j are parameter vectors that are allowed to vary across categories j. While this generalization suggests itself on the basis of OLM Formulation 4, the GOLM is particularly suited for our analysis, as we specifically expect the effect of damage experience to vary across risk perception categories and to substantially differ for the polar categories j = 1 and j = 5, an aspect that cannot be captured by the OLM.
In practice, the GOLM is estimated by running a series of M − 1 binary logit regressions (Williams, 2006:63) . In our case, where M = 5, four binary logit regressions are to be estimated that sequentially combine the categories of the dependent variable. For instance, for the first regression (indicated in the results tables by Y > 1), category j = 1 is recoded as zero, whereas the outcomes falling into all other categories j = 2, . . . , 5 are recoded as unity. For the second binary regression (Y > 2), all outcomes falling into the first two categories, j = 1 and j = 2, are recoded as 0:
y i = 0, with the remaining categories being recoded asỹ i = 1. In a similar vein, for the third regression (Y > 3), categories 1 to 3 are combined and for the fourth regression (Y > 4), categories 1 to 4 are recoded as zero. Note that the simultaneous estimation of these binary regressions, which is what Williams' gologit2 command does, provides results that differ slightly from those when each binary regression is estimated separately. These results are presented in the subsequent section.
Results
Pooling the data from both surveys for the years 2012 and 2014, in this section, we first present the results based on the standard OLM framework to provide for a reference point for the more general GOLM, thereby accounting for repeated observations from the same households by clustering standard errors at the household level.
As can be seen from the outcomes of the robustness checks reported in the appendix, the standard OLM results are quite similar to those originating from a random-effects OLM (Table A2) , that is, when the panel nature of the data is exploited, as well as to those when the number of categories of individual risk perception is reduced from M=5 to M=3 by combining the first two categories j=1 and j=2 and the categories j=4 and j=5, respectively (Table A3 ).
Correlates of Risk Perceptions
Starting with the discussion of the estimation results for the individual perception of risks due to future heat waves, according to the coefficient estimates reported in Table 3 , experience with former heat waves raises individual risk perception. The effect is even more pronounced for those respondents who suffered from heat-related damages. The positive correlation of both experience and damages with the perception of future risks also holds for storms and floods.
Moreover, across all three kinds of natural events, the perception of future risks is higher in the second panel wave. Partly, this outcome may be explained by an intense storm that hit large parts of Germany shortly before the second survey started in 2014, as well as the severe flood in the early summer of 2013, which affected numerous river basins and earned a strong media resonance. This event, which occurred in the year right between the two surveys, allows us to alternatively employ a differencein-differences approach in the subsequent section to validate the effects on the risk perception for floods.
Additional similarities across all kinds of natural hazards can be observed for numerous socio-economic characteristics and personal traits: For instance, women and individuals who tend to vote for Germany's green party exhibit higher risk perceptions, whereas households with higher incomes and household heads with a college degree appear to be more immune to these adverse events than other individuals. Taking the tendency to vote for the green party as a proxy for environmental attitude, our estimates confirm the results documented in the literature: environmental attitude is widely found to be positively correlated with the perception of risks resulting from climate change (Leiserowitz, 2006; McCright and Dunlap, 2011; Poortinga et al., 2011;  Tobler et al., 2012; Wolf and Moser, 2011) . Finally, although other studies, such as Besides similarities, there are also hazard-specific discrepancies: For example, age exhibits an inverted U-shaped correlation with the risk perceptions of heat waves and storms, a pattern that cannot be detected for floods. Furthermore and not surprisingly, the perception of storm risks is higher for homeowners than for renters, whereas such a correlation does not exist for heat-wave-and flood-risk perceptions. Next, previous studies found the temperature at the day of the interview to have a substantial bearing on the respondents' climate change risk perceptions (Egan and Mullin, 2012; Joireman et al., 2010; Li et al., 2011) . This finding contrasts with our results: The two dummy variables indicating whether the temperature on the three consecutive days before and at the time of the interview either exceeds or falls below the long-term average by more than one standard deviation have no statistically significant effect on individual heat risk perception. It turns out that the regression results are robust against amending the definitions of these dummy variables by varying the number of days prior to the interview that is taken into account in the definitions.
Turning to the role of objective risks, we now test our hypothesis H 0 : δ 3 = 0 according to which objective risk measures do not affect risk perceptions if individuals are unaware of the actual risk, which may be rather expected for storms than for floods. 6 In examining this hypothesis, we follow Greene (2007:E18-23; 2010:292) , who argues that in non-linear models, such as the OLM, tests on the statistical significance of an explanatory variable should be based on its coefficient, rather than marginal effects. Our hypothesis is largely confirmed by the empirical results: while the coefficient estimate of the objective risk measure for storms is not statistically significant and that for the heat risk measure is of negligible magnitude, both risk measures for floods have a statistically significant, positive effect on respondents' risk perceptions.
This result is in line with the finding of Siegrist and Gutscher (2006:975) , according to which respondents' risk perceptions with respect to flooding are correlated with the experts' risk assessment. Yet, as the effects of damage experience do not vanish when controlling for the objective storm risk, our empirical results contrast with those of Peacock et al. (2005) .
To explore whether the OLM is the appropriate estimation model, we test the validity of the PO assumption using the Brant (1990) indicate that the GOLM is to be preferred over the OLM for all three kinds of natural hazards at the conventional significance level of 1%.
Reporting the coefficient estimates of the four binary logit models that mimic the GOLM estimation in the appendix (Table A4) , Table 4 presents the average marginal effects resulting from the GOLM. These averages are given by the means of the marginal effects calculated for each observational unit individually. Following again Greene (2007:E18-23; 2010:292), we have abstained from reporting any asterisk in Table 4 , as testing the statistical significance of an explanatory variable should be based on its coefficient, rather than marginal effects.
Solely focussing on the three key variables, the mere experience with heat waves, that is, without suffering from physical or financial damage, exhibits the strongest effect for the first two binary regressions (first row of Table 4 ). On the other hand, the mere experience with heat waves increases the probability of indicating that future risks thereof are "very likely" (Y > 4) by just 2.1 percentage points. As for the OLM, the impact of damage experience is more pronounced than the effect of mere experience, a finding that holds for all three kinds of natural hazards.
In addition to the OLM coefficient estimates reported in Table 3 , the negligible average marginal effects of the objective heat risk measure reconfirm our hypothesis that objective risks seem to be irrelevant when people are unaware of the actual risk.
This result also holds true for storms, as the average marginal effects of the storm risk on risk perception are very small and may reflect that respondents are unlikely to be informed about the objective storm risk of their region of residence. By contrast, living in a flood-prone area, irrespective of whether it is associated with a low or high flood risk, fosters the perception of future flood risks.
Our analysis might suffer from potential simultaneity problems that arise from the fact that people with a high a-priori risk perception, as well as people with strong climate change beliefs, may be more likely to indicate personal experience with natural events (Myers et al., 2013) . Such problems may be ameliorated by employing natural experiments or instrumental-variable (IV) approaches (van der Linden, 2014). In the absence of any instrument that is correlated with the experience of adverse weather events, but uncorrelated with risk perceptions, we alternatively employ a difference-20 in-differences approach to validate the impact of flood experience on risk perception, the results of which are presented in the subsequent section.
Risk Perceptions After the Flood of 2013
The flood event that hit East and South Germany in June 2013 can be exploited to causally identify the impact of experiences with floods on subjective risk perceptions.
To this end, we restrict the sample to those 4,639 households that participated in both surveys and employ the following difference-in-differences approach:
where y * it denotes the latent level of risk perception for floods of individual i in survey year t, experience 2013 In addition to ordered-choice methods, we estimate Equation 7 using OLS methods, as the interpretation of interaction terms is more straightforward than when employing non-linear models (Frondel and Vance, 2012) , such as the OLM. Not surprisingly, the results of the difference-in-differences approach reported in Table 5 indicate a statistically significant and positive treatment effect of experiencing the flood of 2013 on subjective risk perception, as well as of damages therefrom.
All these results have important implications for the society. While identifying the distribution of people's perceptions of risks associated with climate change is a research topic in its own right, it is highly important to improve the risk perceptions of citizens: only if risk perceptions match actual risks can citizens respond adequately to these risks. To improve individual risk perception, providing information on adverse natural events is widely regarded as a central element: if people are more sensitized to future risks, they may be more inclined to take adaptation and prevention measures (e. g. Egan and Mullin, 2016) . In this respect, it appears to be of high importance to provide households with information on the efficacy of adaptation and prevention measures (Zaalberg et al., 2009 ).
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The overwhelming majority of European citizens both acknowledges the existence of global climate change and expects negative consequences therefrom (Eurobarometer, 2014) . Nonetheless, climate change is widely perceived as a distant problem, both temporally and spatially, and, hence, people typically expect negative consequences for the future, but believe to remain unaffected in the short term (Lorenzoni and Hulme, 2009; Poortinga et al., 2011; Wolf and Moser, 2011) . As a result of this attitude, which is similar to the notion of myopia in the behavioral economics literature (Thaler and Benartzi, 2004) , related risks due to low-probability-high-impact events may be underestimated, which in turn may justify public support for fostering adaptation behavior and may undermine voters' support for climate protection policies. This would be particularly critical for Germany, as its greenhouse gas reduction targets are among the most ambitious in the world.
Using ordered choice methods and drawing on a unique panel data set originating from two repeated surveys, each among more than 6,000 German households, this study has investigated the correlates of individuals' risk perception with respect to three natural hazards: heat waves, storms, and floods, thereby focusing on the role of personal experience with extreme weather events, related damages, as well as the role of objective risk measures.
In line with the empirical literature (e. g. Zaalberg et al., 2009) , we find that personal experience with adverse natural events is associated with higher individual risk perceptions. If this experience is based on personal damage, the effect on risk perception is even more pronounced. These results have important policy implications:
As numerous studies indicate, strong risk perceptions may foster measures to adapt to climate change (O'Connor et al., 1999; Peacock et al., 2005; Siegrist and Gutscher, 2006; Sjöberg, 2000; Thieken et al., 2007; Zaalberg et al., 2009 
